Abstract: Prosthetic arteriovenous (AV) graft infection is the principal cause of morbidity related to chronic hemodialysis AV graft fistula. Coxiella burnetii is a known pathogen that causes fever, pneumonia, and intravascular infections with the limitation of negative cultures. Herein, we report the first case of a patient who presented to the emergency department of our hospital with a prosthetic hemodialysis AV graft infection due to Coxiella burnetii. We also performed a literature search with PubMed to identify studies reporting cases of Coxiella burnetii vascular graft infection. Overall, we reviewed 15 cases of vascular graft infection, including ours. We found a high prevalence of male patients (87%); mean age AE standard deviation (SD) of the entire population was 60.4 AE 9.6 years. The dacron infrarenal aortic and the aortobifemoral bypass were the most common involved grafts. The early diagnosis of infection due to Coxiella burnetii was done by serology or with polymerase chain reaction (PCR), in 12 and 3 cases, respectively. All patients underwent partial or complete resection of the infected grafts; the most common antibiotic treatment for this entity was doxycycline and hydroxycloroquine.
INTRODUCTION
M ost patients on chronic hemodialysis have an arteriovenous (AV) graft fistula for vascular access, 5 either autologous or prosthetic. Incidence of prosthetic AV graft infection ranges widely, from 3% to 35%, according to the study population and type of prosthetic graft material, 27, 38 and it is the principal cause of morbidity and the second leading cause of mortality 16, 35 related to those devices. The most common etiologic agents are Staphylococcus aureus, coagulase-negative staphylococci, Gram-negative rods, and Enterococcus species. 25 Fungal infections are uncommon and have seldom been reported. 14 Coxiella burnetii is a bacterium that causes fever, pneumonia, and intravascular infections, 33 but we were unable to find any documented infections of AV graft fistula due to Coxiella burnetii in patients on chronic hemodialysis.
In this paper we describe the first case, to our knowledge, of a patient with Coxiella burnetii prosthetic AV graft infection, and also review 14 other nonhemodialysis endovascular graft infections caused by Coxiella burnetii.
PATIENTS AND METHODS

Case Report
A 61-year-old man presented to the emergency department (ED) of our institution with a week of nausea, vomiting, and fever following hemodialysis sessions. He was diagnosed with adult polycystic kidney disease in 1981, and underwent kidney transplantation from a deceased donor on 2 occasions but both failed. In 2009 a left humeral-axillary AV fistula was created with an artificial graft of polytetrafluoroethylene (PTFE) for hemodialysis. The post-surgery period was complicated with prosthetic AV graft thrombosis and infection, for which the patient required 3 new prosthetic AV graft implantations, in 2009, 2010, and 2012, respectively, and multiple broad-spectrum antibiotics on several occasions. Since 2012 the prosthetic AV graft had not been used for hemodialysis, and a right jugular perm-cath had been placed for this purpose. At the time of evaluation in the ED, his vital signs were the following: blood pressure 150/80 mm Hg, pulse of 95 beats per minute, respiratory rate of 21 breaths per minute, and temperature of 39°C. The physical examination at admission showed a left arm swelling with a fistula and purulent discharge from the prosthetic AV graft. A computed tomography (CT) scan with tagged white blood cells of the left arm revealed a positive reading in the left humeral prosthetic AV graft with a more localized infection in the distal humeral segment. Blood cultures were sterile and laboratory results showed a white blood cell count (WBC) of 2.6 Â 10 3 /μL, serum creatinine of 4.77 mg/dL, urea of 58 mg/dL, no increase in liver enzymes, C-reactive protein (CRP) of 1.9 mg/dL (19 mg/L), and procalcitonin (ProCT) of 2.3 μg/L (normal range, 0-0.5 ng/mL). Empirical daptomycin and piperacillintazobactam were initiated and the fever and purulent discharge resolved. A sample of the purulent discharge was collected with a swab and processed only for culture. The Gram stain showed moderate leukocytes and no visible microorganisms, and the culture, after 24 hour incubation, grew Proteus mirabilis. The antibiotic spectrum was narrowed to thirdgeneration cephalosporin IV, and the fever and purulent discharge resolved.
After 2 weeks of admission and intravenous antibiotic therapy the patient was surgically intervened for removal of the infected prosthetic AV grafts. One was completely removed, another was partially explanted, but a third graft was kept in the left humeral trajectory. Multiple intraoperative specimens did not grow any microorganisms in conventional microbiologic cultures for aerobic and anaerobic bacteria. Histopathology showed a segment of elastic artery with an endoprosthetic segment in the inner layer of the arterial wall with fibrosis and a chronic inflammatory infiltrate of lymphocytes, plasma cells and multinuclear giant cells that corresponded with the presence of a foreign body. No microorganisms could be identified using Periodic acidSchiff and Gram stains.
Universal 16 S rRNA gene PCR and sequencing (16SrRNA PCR) was performed as previously described 19 on 4 intraoperative specimens (2 periprosthetic biopsies and 2 vascular AV grafts) that were received in our microbiology laboratory. In all 4 samples Coxiella burnetii was detected. Consequently, these results were confirmed in all samples by real-time PCR of the regions IS1111 and IS630 of Coxiella burnetii. 4 The diagnosis of Coxiella burnetii chronic infection was also confirmed by serologic testing. In a recovered serum obtained 4 months before, the results were phase II antibody (IgG): positive, and phase II antibody (IgM): negative. The actual serum had the following results: phase I antibody titer (IgG): 1/6400, phase I antibody titer (IgM): 1/50, and phase I antibody titer (IgA): negative; phase II antibody titer (IgG): 1/6400, phase II antibody titer (IgM): negative, and phase II antibody titer (IgA): negative. Antibiotic therapy with doxycycline (100 mg bid orally) and hydroxychloroquine (200 mg tid orally) was started. A positron emission tomography scan (PET scan) was performed ( Figures 1 and 2 ) that revealed hypercaptation of left fistula, possibly related to recent surgery, as well as less activity in the left vascular access, up to the middle third of the arm suggesting an inflammatory/infectious process. Four months later the patient attended the infectious disease consult for follow-up. He was asymptomatic with a favorable evolution of his left arm and with a good adherence to the antibiotic treatment. The new serum showed phase I antibody titer (IgG): 1/3200, phase I antibody titer (IgM): 1/50, and phase I antibody titer (IgA): negative; phase II antibody titer (IgG): 1/1600, phase II antibody titer (IgM): negative, and phase II antibody titer (IgA): negative.
Diagnostic Procedures
Serologic procedures: phase II immunoglobulin G (IgG) and M (IgM) was performed in our laboratory using enzymelinked immunosorbent assay (ELISA). Titers of phase I and phase II IgG, IgM, and IgA antibodies were performed in a reference laboratory (Instituto de Salud Carlos III, Majadahonda) using the indirect immunofluorescent antibody test.
Molecular detection: 16SrRNA PCR was performed in sonicated AV grafts and biopsies as previously described. 19 Specific detection of IS1111 and IS630 of Coxiella burnetii was made using 2 different real-time PCR reactions with TaqMan probes as described by Brouqui and colleagues. 4 
Bibliographic Research
We performed a literature search with PubMed (National Library of Medicine, Bethesda, MD) (http://www.nlm. ncbi.nih.gov/pubmed/) to identify studies written in English reporting adult cases of Coxiella burnetii vascular graft infection. We used the terms [(Coxiella burnetii) OR (Q fever)] AND [(vascular graft infection) OR (aortic aneurysm) OR (prosthesis) OR (infection of hemodialysis access) OR (dacron graft) OR (blood vessels prosthesis)].
RESULTS
The PubMed search yielded 29 cases of Coxiella burnetii endovascular graft infection, all of them involving large vascular grafts. 2, 3, 7, 10, 11, 15, 18, 22, 26, 28, 32, 36, 42, 43 However, 15 of these cases, all described in a single study, 3 could not be included because the patients' treatment and clinical course were not individually described.
Overall, we reviewed 15 cases of vascular graft infection, including ours. We found evidence of a high prevalence of male patients (87%) greatly exceeding that of female patients (13%). Mean age AE standard deviation (SD) of the entire population was 60.4 AE 9.6 years. In almost half of the cases (6 patients), a rural environment could be related to the patient's background. Only in our case the patient referred no previous contact with a rural environment ( Table 1) .
The mean time onset of chronic Q fever after graft placement was 4.6 years (range, 3 mo-15 yr) and in all previous cases the disease affected great vessels. The dacron aortobifemoral bypass 10, 26, 28, 36 and infrarenal aortic graft 2, 7, 15, 40 were the most common involved grafts (4 patients each), followed by thoracic aortic graft (3 patients), 11, 42, 43 PTFE subclavian-subclavian cross-over (1 patient), 32 aortobiiliac endoprosthesis (1 patient), 22 aortic endoprosthesis (1 patient), 18 and left humeral-axillary AV PTFE graft in our case. Fever and local pain were reported in 8 cases respectively, weight loss was reported in 4 cases, embolic phenomena in 3 cases, gastrointestinal symptoms (nausea, vomiting, and diarrhea) and respiratory symptoms (dyspnea and fatigue) in 2 cases, respectively, and other cases reported new symptoms like renal failure, hepatosplenomegaly, and purulent discharge, as was our case (see Table 1 ). The association of a vascular graft infection with endocarditis was not found in any of the published studies. WBC was reported in 11 studies (mean value, 7.1 Â 10 6 /L), while CRP was reported in 8 (mean value, 48 mg/L) (see Table 1 ).
Phase I and II IgG antibodies varied according to each study. In 7 of them, both phases had the same value, all of them ³1:800. Of the remaining 8, 6 had phase I IgG antibody higher than 1:800, while 2 presented with phase I IgG of 1:256. Intra operative specimens were cultured for Coxiella burnetii in 9 cases, being isolated in 5 studies of extracted grafts. PCR was performed on intra operative samples in 14 cases, and of them, 12 were positive for Coxiella burnetii. With this available data, the early diagnosis of infection due to Coxiella burnetii was done by serology and with PCR, in 12 and 3 studies respectively. Eleven studies reported imaging techniques: CT scan and PET scan were performed in 5 cases each and in the remaining case a transesophageal echocardiography was performed. In all of the studies, the imaging techniques, when performed, showed abnormalities which raised the suspicion of infection (Table 2) .
Regarding surgical treatment, all patients underwent partial or complete resection of the infected grafts. 2, 7, 10, 11, 15, 18, 22, 26, 28, 32, 36, 42, 43 At follow-up, 12 patients were either cured or still on treatment with a favorable evolution, 1 patient, in which the surgical procedure was not described, died at 9 months after the diagnosis 7 and in 2 cases the evolution was not available in the study. The most common antibiotic treatment for this entity was doxycycline and hydroxycloroquine (see Table 2 ).
DISCUSSION
To the best of our knowledge, this is the first case of a prosthetic hemodialysis AV graft infection caused by Coxiella burnetii reported in the literature. Our review shows that Coxiella burnetii may be occasionally a cause of endovascular infection in other central or peripheral vascular prosthesis.
In Europe, the number of patients with chronic kidney disease who are currently on regular extracorporeal hemodialysis is estimated to be about 300,000 cases, and similar figures have been described for the United States. 6 Although there are several differences between countries, the reported prevalence of AV grafts as vascular access ranges from 10% to 58% 8 among patients undergoing dialysis. Infection is the main cause of morbidity and the second leading cause of mortality in patients with a prosthetic AV graft, 16, 35 which is mainly caused by Gram-positive, followed by Gram-negative bacteria. 25 Until now, to the best of our knowledge, no attention has been focused on infected AV grafts with negative microbiologic results and the search for difficult to culture pathogens such as Coxiella burnetii is not usually performed in most microbiologic laboratories.
Coxiella burnetii is an obligate intracellular Gramnegative bacteria that causes Q fever, a worldwide distributed zoonosis that predominates in rural areas, but also recently, in urban areas as well. 15 Humans are incidental hosts in which infection usually occurs by inhalation of contaminated aerosols, especially from infected livestock. 39 Transmission through other routes like ingestion of contaminated milk, transplacental, intradermal and blood transfusions have also been described. 29, 37 Clinical presentation of the disease is extremely variable and the infection may be acute or chronic. 33 Acute Q fever is asymptomatic in up to 60% of the cases. 21 In symptomatic patients, clinical presentation is mostly nonspecific and may include malaise, fever, atypical pneumonia, hepatitis 31 or, less frequently, myopericarditis or meningoencephalitis. 33 When symptomatic, the acute disease is usually mild and recovery is spontaneous in most cases. However, 1%-5% of patients with acute Q fever progress to chronic disease which may become evident within 1 year or up to 20 years after the initial infection. The 3 groups at highest risk for chronic Q fever are pregnant women, immunosuppressed persons and patients with pre-existing heart valve defects or vascular abnormalities. 31 Endocarditis, with negative blood cultures, has been reported as the main clinical manifestation of chronic Q fever, accounting for 80% of the cases. It is followed by infection of aneurysms or vascular grafts, that have been found in 9% of the cases. 31 The high affinity of Coxiella burnetii for the human cardiovascular system is strictly related to its ability to persist in host macrophages that are typically present in vascular thrombus or damaged cardiac valves. 12 Interestingly, the association of a vascular graft infection with endocarditis has not been found in any of the published studies.
As previously reported, 42 the current review has confirmed male sex and advanced age as risk factors for Q fever infection. Furthermore, we report the first case of Coxiella burnetii infection of an AV graft, showing that virtually every type of vascular graft may be a potential reservoir for chronic Q fever. The clinical signs and symptoms of chronic Q fever in our patient were not specific; this also proves to be the same in the cases reviewed in the literature, and probably explains why in the majority of the patients, the disease is frequently not suspected. 9 Moreover, the diagnosis of Coxiella burnetii vascular graft infection is further complicated by the fact that the majority of ill patients are unaware of a previous exposure to this microorganism and also because the microbiologic workup is complex and still not universally standardized, 41 Q fever can be diagnosed through cell culture, serology and molecular methods. Culture in general is not used in routine because it is difficult, time consuming and dangerous. 24 The culture requires biosafety level 3 laboratories because of a high risk of transmission to laboratory workers. 1 In our review, there are 9 cases in which the culture was performed, 10, 11, 15, 22, 26, 28, 32, 36, 40 half of them being negative, and in none of these the culture was ahead in the diagnosis of infection due to Coxiella burnetii before serology or molecular methods.
Serology is the primary technique used to diagnose this entity in the majority of the published literature. 9, 17, 21 In 12 of the 15 cases we studied, the initial diagnosis of Coxiella burnetii was done with serology. The different antigenic phases to which humans develop antibodies play an important role in the diagnoses. In contrast to acute Q fever infection, chronic infection is associated with increasing phase I IgG titers (typically ³1:800) by immunofluorescent antibody tests. 34 Houpikian and colleagues 13 in their study of blood culture-negative endocarditis, demonstrate how serology has been included in the modified Duke criteria, considered a simple and non invasive useful tool for diagnosis.
In recent years, 16SrRNA PCR and specific PCR have demonstrated to be helpful in detecting fastidious microorganisms directly from clinical samples 13 and have been proposed as a new Duke criteria for the diagnosis of infective endocarditis. 23 16SrRNA is done in our laboratory routinely in explanted vascular grafts and in periprosthetic biopsies. 19 This PCR method has demonstrated high sensitivity and specificity in the diagnosis of infective endocarditis. 20 In 3 of the 15 patients, 36, 42 including ours, it was crucial for the diagnosis because there was no clinical suspicion of Coxiella burnetii infection. Considering that serology may be difficult to interpret and culture is only done in reference laboratories as we have stated above, molecular-based methods seem a reasonable approach for the diagnosis of this infection, especially when this entity is not suspected.
If left untreated, chronic Q fever leads to severe complications and to a considerable mortality rate reported up to 33.3%. 3 Surgical and long-term medical treatment is actually considered the cornerstone for the correct management of such infection. In our case series, information regarding antibiotic treatment was available for 12 patients. The majority of patients received a combination of doxycycline with hydroxycloroquine (7 patients), rifampicin (2 patients), ofloxacin (2 patients), and ciprofloxacin (2 patients). Doxycycline was administered alone in 1 patient whereas another 1 received clindamycin as monotherapy. The duration of antibiotic treatment ranged between 6 to 48 months. The high variability of antibiotic regimens adopted could be related to the lack of clinical guidelines for Coxiella burnetii vascular graft infection. Extrapolating information from treatment experience of Coxiella burnetii infective endocarditis, doxycycline plus hydroxycloroquine should be the antibiotics of choice for such infection due to a reported lower relapse rate. 30 As mentioned, surgery is considered the other essential step in the management of Coxiella burnetii vascular infection. Indeed, BotelhoNevers et al 3 showed that vascular surgery performed shortly after diagnosis of chronic Q fever was significantly associated with a better outcome. In the reviewed literature, surgery consisted of resection of the vascular graft in all patients, with a partial resection in 1 patient, 43 and vascular reconstruction in all patients (information regarding surgery was not available in 1 case 9 ). In our patient, only 1 of the 3 infected prosthetic grafts was completely removed because we did not expect an infection due to Coxiella burnetii. Moreover, we did not perform a surgical re-intervention as we had no macroscopic evidence of infection in the other prosthetic AV grafts, nor clear pathologic activity on subsequent PET scan. We have chosen to treat our patient in a conservative way; we will use clinical and serologic follow-up in order to guide our decisions regarding the antibiotic regimen and eventual new surgical treatment to explant the remaining grafts.
The optimum duration of the antibiotic therapy has not yet been validated because there is no definite criteria for Coxiella burnetii cure currently available. It has been suggested to perform a clinical and biological evaluation on a monthly basis during antibiotic therapy and that antibiotic treatment should be administered for at least 18 months or until a fourfold reduction of initial phase I Coxiella burnetii antibody titers has been observed. 21 In conclusion, although this is a relatively rare disease, molecular techniques play a key role in the diagnosis of vascular graft infection with negative blood culture. Coxiella burnetii should be included in the differential diagnosis in all patients who have infection of an endovascular graft of any nature with an inconclusive etiologic diagnosis.
